The purpose of the study (presented in this article) was to develop a measure of resilience to crisis, one that may be applied to regional data. In principle, such measure can take either positive or negative values. A positive value confirms resilience to crisis, whereas a negative one confirms the absence of resilience (sensitivity/vulnerability). The measure uses growth rates referred to the previous year under the assumption that crisis results in a slowdown in growth, or even in a decline in values of important economic indicators. Growth rates are standardized by dividing values of original change rates by medians specified based on spatiotemporal data modules. Such division results in each characteristic being brought to equal validity. Simultaneously, the original character is maintained and variables are not "flattened" by the outliers. Changing destimulants into stimulants occurs during growth rates calculation. The measure of resilience to crisis is calculated as an arithmetic mean of the values of characteristics brought to comparability. The measure of resilience can be converted into the measure of sensitivity by multiplying it by (-1). The application of the proposed measure to assessing the resilience to crisis in the period 2006-2011 is presented for regions meant as the European Union NUTS2 units. The measure is based on comparable data, which allowed for using only six variables measuring changes in GDP, salaries, investments, household income, employment and unemployment.
Introduction
Economic resilience to crisis with reference to a region is defined as its economic capacity to overcome negative external impacts. It depends on macroeconomic factors and internal determinants. Among macroeconomic factors the following can be listed: fiscal, economic and monetary policy. Internal factors take the form of, e.g.: economic structure, restructuring and modernization level of enterprises, competitiveness and innovation. Among the important internal factors the level of human capital, including entrepreneurship, is also considered (Masik, Rzyski 2014) .
The objective of the article is to present the proposal for the construction of a measure of resilience to economic crisis, possible to be applied to regional data.
Sensitivity to crisis -research overeview
The assessments of economic reactions to shocks resulting from, e.g. an economic crisis are performed by analyzing macroeconomic sensitivity specified:
-in a more extensive sense as the "vulnerability to external factors distracting a particular economy from following the desirable trajectory of development" (Zaucha et al. 2014: 208) , -whereas in a narrower sense (sensitivity) in the context of "economic structures and their tools for weakening negative stimuli and threats, as well as deriving benefits from the occurring opportunities without any structural changes" (Zaucha et al. 2014: 208) .
The studies of resilience and sensitivity to macroeconomic impacts, covering especially small countries, have been conducted for twenty years both independently and in a team by L. Briguglio (Briguglio 1995) from the University of Malta. The team's output includes, among other things: methods for the "construction" of economic resilience in small countries (Briguglio, Kisanga 2004 , Briguglio, Cordina, Kisanga 2006 , Briguglio 2014 , developing the concept and measuring both sensitivity and resilience (Briguglio et al. 2006a , Briguglio et al. 2009 ), updating and extending the Economic Vulnerability Index (Briguglio, Galea 2003) , the proposal of sensitivity and resilience profiles (Briguglio et al. 2010) , the identification of economic resilience pillars in small countries (Briguglio et al. 2008) , the analysis of growth problems in terms of resilience (Briguglio, Piccinino 2012) , the assessment of economic resilience and adaptation potential (Briguglio, Cordina 2003) .
Moreover, the studies focused on regional resilience were carried out by, e. The research team, under the leadership of P. Churski (The National Centre for Science Project entitled: Socio-economic growth vs. the development of growth and economic stagnation areas (2011) (2012) (2013) ) conducted research the results of which are available on the project website: www.owsg.pl. The identification and assessment cover growth and stagnation areas based on the set of 49 indicators divided into five blocks (population and settlement, job market and economy structure, technical infrastructure and spatial availability, financial situation and wealth level, innovative economy and business environment), whereas within the framework of blocks -the factors described by means of qualities characteristic for a given factor (Perdał, Hauke 2014: 71) . The studies presented by the research team are mainly focused on the territory of Poland (various NUTS levels), with particular emphasis on Wielkopolska region. For the purposes of performing comparisons the data from Slovakia, Lithuania and Latvia were used, among other things. The identification of factors and analyses were carried out with reference to the following groups of spatial units: all units, growth areas, transition areas and stagnation areas, mainly in the period 2000-2010.
The research on resilience to crisis, especially in Pomorskie region, is conducted within the framework of the project: Economic Crisis, Resilience of Regions -ESPON 2013 (partners: Cardiff University (project leader), FTZLeipzig, Aristotle University, Tartu University, University of Gdańsk, Manchester University, Experian Plc.), the purpose of which is (Masik 2013) : "the identification of economic crisis impacts on regional economies, the analysis of structural and functional determinants in regions, an attempt to answer the question why some regions are more resilient than others, the identification of policies supporting economic resilience".
The team under the leadership of J. Szlachta (Zaucha et al. 2014: 206-234 ) conducted the review of the subject literature in terms of approaches to regional sensitivity measurement within the framework of the project -The sensitivity of Polish regions to challenges of contemporary economy. Implications for regional development policy, grant from the National Centre for Science 1635/B/H03/2011/40 and within the framework of project implementation supervised by D. Strahl entitled: "Smart growth vs. sensitivity to economic crisis in regional dimension -measurement methods" (grant from the National Centre for Science 2013/09/B/HS4/00509) M. Markowska (2014) , focused on such areas as: economy, job market and households, listed as the most vulnerable in the context of crisis phenomena assessment.
Proposal for measuring regional resilience to economic crisis (RRC)
It has been initially assumed that the suggested measure can take both positive and negative values. Its positive value indicates that a region is resistant to crisis, whereas a negative one informs about the absence of resistance, i.e. sensitivity and vulnerability to crisis phenomena.
The growth rate of variables calculated against previous years (formulas (1) and (2) was used in the construction of the measure. It results from the assumption that the effect of crisis is manifested in a slowdown in growth or even a decline in the values of crucial economic factors. Destimulants are changed into stimulants in the course of growth rates calculation:
At this point a conclusion can be drawn that in order to calculate an average rate a geometric mean rather than an arithmetic one should be used, however, w* values calculated below represent in fact the ratios of the rate and the median rather than the rate itself. The comparability of characteristics is obtained as a result of dividing the original rate values of variables changes (1) or (2) by the medians determined from spatio-temporal data modules (3). This transformation results in equal validity of the discussed characteristics. Such procedure maintains the original change rate sign and, moreover, the phenomenon of variables "flattening" by outlier values does not occur. Standardization (understood as achieving comparability) of changes of rates is performed by applying the following formula:
The measure of resistance to crisis is calculated as an arithmetic mean of the values of characteristics standardized by formula (3). The suggested measure takes the following form:
(4) where:
i -object's number (region), j -characteristic's number, t -time unit number, m -number of characteristics, w* -standardized change rate, RRC -measure for regional resilience to crisis.
The range of measure values does not have either upper or lower limit. It should be assumed that it corresponds to a rational opinion that, on the one hand, it is never so bad that it could not be worse and, on the other, it can always be better than it actually is. The measure of resistance can be transformed into the measure of sensitivity by multiplying it by (-1).
Basic characteristics of RRC -preliminary assessment of results
Economy, job market and households represent the areas of regional sensitivity to economic crisis. In order to perform the assessment of regional economic situations, in terms of their resilience or sensitivity to economic crisis, the following indicators were used in the study covering the period 2005-2011 (as of 31 st October 2014 the information for 2012 regarding the data presented in values and necessary to calculate change rates was not provided by Eurostat database):
-GDP in million PPS in a region (CR_GDP), -investments in million Euro in a region (CR_IN), -employment rate (as a percentage of professionally active population in 15-64 age group) (CR_ER), -unemployment rate (destimulant) (as a percentage of the total number of professionally active population) (CR_UR), -salaries in million Euro in a region (globally) (CR_S), -disposable income per capita in a household in PPS (CR_DI).
The choice of variables was preceded by checking Eurostat database resources in terms of data availability, whereas the preliminary selection of variables was performed by assessing their changes, especially in 2009 against the previous years, among other things.
The EU territorial units at NUTS 2 level constituted the base of regions covered by the assessment -the total of 264 regions (excluding Croatian and overseas Spanish and French regions -due to significant data gaps).
In the dynamic assessment of changes the declines in 2009 against 2008 should be emphasized, since they were recorded in 250 regions (CR_GDP), 173 (CR_S), 212 (CR_IN), 202 (CR_DI), 205 (CR_ER). Moreover, for 171 EU NUTS 2 regions an increase in the unemployment rate was observed. It should also be emphasized that in the case of over 100 regions a decline in investments and GDP values was recorded also in 2008 (against the previous year). Simultaneously, further drops were observed in over 100 regions in the subsequent years for 159 and 110 regions with respect to employment rate and investments (127 and 120), along with an increase in the unemployment rate for 171 and 114 regions.
In performing the assessment of regions in terms of RRC attention was also paid to the EU 15 regions (the so-called "old" EU) and the EU 12 regions -from the accessions in 2004 and 2007.
The modules of medians of variables determined jointly in the entire period under analysis (dynamics in the period 2006-2011) were used in the standardization process and their values are presented in table 1. With reference to job market the attention should be paid to the median module of the unemployment rate which is several times higher than the employment rate.
The preliminary analysis of the obtained results indicates that 2009 represents the main crisis year in the EU NUTS 2 regions -the median is negative (median measure), as well as the mean value, and even the third quartile. In 2011 a group of weak regions was identified (Greek regions, in which a dramatic drop in salaries was recorded, among other things) which resulted in a strong left-sided asymmetry of the measure. The basic characteristics of the Measure for Regional Resilience to Economic Crisis are included in table 2. Source: author's compilation.
Picture 1 presents the distribution of regions in terms of RRC values. The same scale of horizontal axis allows one to "follow the moves" of the measure distribution. The highest diversification is observed for 2008, whereas the highest deviation is true for 2011 (the Greek group visible on the left side of the distribution). The effect of RRC distribution approximation by a normal distribution on one graph is illustrated on fig. 2 . These classes allow for a more generalized assessment of sensitivity or resilience to crisis, as well as the quantification of these responses to crisis.
Results of the EU nuts 2 regions' division into groups based on RRC values
In each year of the study each region was assigned to one of the classes identified before. An even more general assessment than assigning to one of the six classes specified whether a particular region in a given year was resilient to crisis (a class coded with a plus), or sensitive to crisis (one of the classes coded with a minus). The assessment of regional response to crisis in the entire analyzed 6-year period can be easily obtained by counting pluses -from zero to six. The analysis of the distribution of regions into these seven values results in suggesting four classes of resilience to crisis presented in table 4.
The number of regional positive measure values of resilience to crisis in the period 2006-2011 constituted the basis for identifying particular classes -see tab. 4.
The most numerous classes are made up of the "coping" or "fighting" regions -111 and 97 regions respectively, whereas the least numerous one covers the "resistant" regions -see tab. 4 and 5. Table 4 Source: author's compilation.
While assessing the distribution of the EU NUTS 2 regions in classes attention should be paid to the fact that the regions from four countries were included in three classes: French, Czech and Belgian regions in "resistant", "coping" and "fighting" classes, whereas Italian regions in the "coping", "fighting" and "sensitive" classes. Île de France (FR) was the only region recorded in the group of EU 15 capital regions or the ones including the capital of a country in the "resistant" class. The "coping" regions group covered the following ones: Région de Bruxelles-Capitale (BE), Berlin (DE), Lazio (IT), Wien (AT), Stockholm (SE), and the "fighting" regions class included: Hovedstaden (DK), Noord-Holland (NL), Etelä-Suomi (FI), Outer London and also Inner London (UK), Comunidad de Madrid (ES) and Lisboa (PT), whereas the Greek Attiki and the Irish Southern and Eastern regions were listed in the class of "strongly sensitive" ones (see fig. 4 ).
The region capital or the ones including the capital of a country from the countries of 2004 and 2007accessions were classified in the following groups:
-"resistant": Yugozapaden (BG), Mazowieckie (PL) and Bratislavský kraj (SK), -"coping": Praha (CZ) and Bucuresti -Ilfov (RO), -"fighting": Zahodna Slovenija (SI) and Közép-Magyarország (HU). Among NUTS 1 regions the following were listed in the "coping" class: Lithuania, Malta and Luxemburg, whereas Eesti, Kypros and Latvia were included in the "fighting" class. Out of 208 EU 15 NUTS 2 regions the "resistant" class included 6.7% of regions (mainly German -10 out of 14 regions in this class, three French ones and a Belgian region -Prov. Oost-Vlaanderen). The following two classes covered a similar number of regions from the EU 15: "coping" 39.4% and "fighting" 38.5%. The "sensitive" class included 15.4% of regions from the "old" EU, however, none of the EU 12. It is worth emphasizing that more than half of EU 12 regions (51.8%) were listed in the "coping" class, 30% in the "fighting" class and 17.9 in the "resistant" class.
Conclusions
The suggested construction of the measure allows for the assessment of resilience (resistance) to crisis in regions. The measure facilitates:
-arranging regions by their resilience (sensitivity) level to crisis, -dynamic analyses and -the synthetic identification and interpretation of classes obtained as a result of applying the dynamic taxonomy of regions, -the generalized assessment of resilience (sensitivity) to crisis by assigning it to the suggested quality classes.
The obtained results indicate that the crisis affected the wealthy regions to a much larger extent, which is related to overproduction (resulting from the lack of moderation in meeting the needs) of banking products, as S. Bartosiewicz emphasizes (Bartosiewicz 2014) .
It can be assumed that primarily in the case of the EU 12 regions, included in the group of resilient and coping regions, the cohesion policy carried out by the EU had a decisive impact on economy of these regions. For the regions from the countries of recent accession, structural funds and their influence on many spheres of economic life turned out to be a kind of "catalyst" for resilience to economic crisis. The effect of pre-accession structural funds was observed: (Bulgarian and Romanian regions), prolonged financial activities from the period 2004-2006 and also the period 2007-2013 (e.g. Polish regions).
The above mentioned assumptions were also confirmed by another research (Markowska, Strahl 2015) , which assess the relations of variables characterizing smart growth of the European Union regions at NUTS 2 level (in the system of three pillars, i.e. innovation, creative regions and smart specialization described by several variables) with their sensitivity to economic crisis using logit models.
